To identify the effect of fertilization on the heavy metal concentration and assess the soil environmental quality, Meadow Black Soil (MBS) samples were collected from Long-term location fertilization base located in the Changchun City, Jilin Province of China. Subsequently, MBS samples were analyzed to determine the total concentrations of specific elements (Pb, Cd, Cu, Zn, Ni and Cr), for which data were available for 1984, 1989 and 2012. Under long-term location fertilization conditions, this investigation revealed that the mean concentrations of Pb, Cd, Cu, Zn, Ni and Cr exceeded their corresponding background values and the accumulations of Pb and Cd were readily apparent in the MBS and were beyond of the second grade of China soil standards. Pb and Cd were accounted for mainly by chemical fertilizers. In addition, the accumulations of Cu, Zn, Ni and Cr did not appear to reach pollution levels, and no obvious pollution was observed in the MBS. Significant correlations were observed between Pb and Cd, Cu and Ni, Cu and Cr, Ni and Cr, suggesting that they might originate from a common source. However, Pb and Ni, Cu and Zn showed negative correlations, suggesting a different source. The quality of the soil environment and the heavy metal pollution were evaluated by the Single-Pollution Index and Nemerow-Pollution Index method. Each treatment soil sample had a low or slight pollution index (PI) of Cu, Zn, Ni and Cr，whereas the PI values of Pb and Cd were high, and samples were classified as being moderately or heavily contaminated by Pb and Cd. Although practically uncontaminated by Cu, Zn, Ni and Cr, a potential danger may emerge in the future depending on the agricultural activities in this region. The results of heavy metal assessment in the MBS will be helpful for the formulation of strategic sustainable agriculture in Jilin Province and improvement of corn quality and safety.
Introduction
In China, heavy metal pollution in agricultural soils has become serious with the rapid industrialization, urbanization and increases in the release of agrochemicals into the environment during the last two decades [1, 2] . Soils in many regions have been polluted by various pollutants in different levels. Soil pollution could be harmful for human health. For example, it could cause toxicity, cancer, and gene mutation. Specifically, the soil heavy metal pollution is one of the most important issues because of the innate traits of heavy metals. Some researchers have indicated the need for a better understanding of suburban agricultural soil pollution [3, 4] , and, indeed, increasing researches have focused on heavy metals in suburban farmland soils. Jilin Province is one of China's most important agricultural regions and also is an important corn production base. In 2014, the grain yield reached 70.656 billion tons, accounting for 5.82 % of the total yield in China, which continued to be in the fourth in China. However, continuous corn planting for many years has caused the decline of soil fertility. So, some chemical fertilizers have to been applied into the soils to improve the corn yield every year. Chemical fertilizers and organic manure were important measures to improve soil productivity and ensure high grain yield [5] . This fact has increased the fertilizer consumption in each crop year. During the 1960s, approximately 46 million tons of fertilizers were used, and in 2030 it was estimated that 157.3 million tons of them will be necessary for crops throughout the world [6, 7] .
The mineral and chemical raw materials used in production of chemical fertilizers contain a variety of heavy metals, radioactive elements and other harmful ingredients. These matters that crops do not need will accumulate in the soils and may cause the soil contaminated. The high-content heavy metals in fertilizers will cause soil quality degradation [8] . This common operational pattern has caused some concerns about potential contamination of heavy metals in soils [9, 10] . Reportedly, one major cause to heavy metal pollution [11] was overuse of chemical fertilizers in farmlands, which exceeded the nutrition levels demanded by crops [12, 13] . Commercial nitrogen fertilizers such as urea, ammonium bicarbonate and ammonium nitrate are synthesized directly by chemical companies and have very low contents of heavy metals. Phosphorus fertilizer was one of the important sources for heavy metals in agro-soils.
In addition to inorganic fertilizer applications, organic fertilizers also were applied in the soil in order to improve the water and fertilizer holding capacity of the soil. In the production, corn straws often were returned back to the soil by covering the soil or plowing into the soil in Jilin Province. Straw incorporation has been considered an effective means of increasing the efficiency of nutrient cycling, and thereby reducing the extent of fertilizer application [14] . After returning the soils, the corn straws would be decomposed gradually through the microbial processes and further formed soil humus [15, 16] . Humus could complex with the heavy metals in the soil solution and affected the heavy metal speciation by changing the chemical property of the soil solution, such as pH, Eh, etc [17] . A number of studies have demonstrated that long-term application of inorganic and organic fertilizer significantly increased the heavy metal contents in the soil surface [18] . The farmland soils in some areas have even been polluted by heavy metal accumulation [2] . Lead, cadmium and zinc represent a subset of the most frequently reported metal contaminants in soils. These metals, many of which co-occurred at the same site, had the deleterious effects to food supply and human health [19] . In view of these facts, it becomes necessary to assess the impact of the long-term fertilization on the contamination rate and distribution of heavy metals such as Pb, Cd, Cu, Zn, Ni and Cr.
Meadow Black Soil (MBS) is a major soil type for corn production and the studied region is representative of the MBS in Jilin province. To date, little research on the accumulative properties of heavy metals in the MBS after long-term fertilization has been conducted. Soils were sampled from the long location experimental base with different fertilization treatments. In the present manuscript, the effects of long-term fertilization on heavy metal contamination in the meadow black soil in China were investigated by measuring the heavy metal concentrations in the soil samples in two different years after long-term use of chemical fertilizers (CO(NH 2 ) 2 , Ca(H 2 PO 4 ) 2 and K 2 SO 4 ). The risks posed by these heavy metals were evaluated by the single-pollution index and Nemerow-pollution index. This will provide knowledge of the distribution of these metals in soils and then evaluate the environmental impact caused by long-term fertilizer application. The results obtained in this work provide a scientific basis estimates for soil environmental quality and reasonable fertilization techniques for high yield and high quality corn production.
Materials and methods

Study area and experiment design
The 
Sampling and analysis
Topsoil samples (0-20 cm) were collected from 36 different grids in 1984, 1989 and 2012, respectively. At each point, soil sample was 1kg in weight, which was combined five sub-samples and then reduced to about 1 kg with sample quartering in the field. All soil samples were air-dried at room temperature, and then ground, sieved through a 2 mm nylon sieve to remove coarse materials and other debris. Then a portion of each sample was further ground until all particles passed through a 0.15 mm nylon sieve.
For the analysis of total heavy metal concentrations, one gram of each dry soil sample was digested by using acid digestion method according to the standard, GB15618 [20] . The concentrations of heavy metals in the extractants were measured using flame atomic adsorption method or graphite furnace atomic adsorption method (AAS 700 equipped with GFAAS, PerkinElmer, USA).
The background values of soil environmental quality
Up to 1984, the studied experimental area had been little interfered by anthropogenic activities and could basically represent the original characteristics of the MBS. Compared to Jilin soil background (Table 2) , it could be found that the contents of all elements in 1984 were similar to or lower than the background value. The contents of Pb, Cu and Ni were slightly more than the background value of soil. In order to make the background value more representative, the measured values in 1984 were selected as region background value of soil environment quality. 
Assessing long-term accumulation of heavy metals using model approach
To assess the soil environment quality, Single-Pollution Index (PI) [21] of each metal and an Integrated-Pollution Index (IPI) (also called Nemerow Pollution Index) [22, 23] of the six metals were used. The PI was defined as the ratio of the heavy metal concentration in the study to the background concentration (BC). They were computed using the following equations:
Single-Pollution Index PI = C i / S i (1) Where PI──is the pollution index of a given heavy metal in the meadow black soil, C i ──is the measured concentration of the given heavy metal in meadow black soil, S i ──is the background concentration.
PI ≤ 1 indicates that the soil is uncontaminated; PI > 1 indicated that the soil has been contaminated. In detail, the PI of each metal is calculated and classified as either low (PI < 1), middle (1 < PI < 3) or high (PI > 3). The greater PI indicates the heavier heavy metal pollution. First of all, the pollution of each heavy metal was analyzed using the Single-Pollution Index. Then, the integrated pollution levels of heavy metals were divided by the integrated pollution index.
Integrated-Pollution Index IPI=[P ave 2 +P max 2 /2]
Where IPI──is the Integrated-Pollution Index for MBS, P ave ── is the average value of all the P i P max ──is the maximum among all the PIs. IPI can not only show the integrated effect of all Single-Pollution Index on the soil quality but also highlight the effect of the worst index on the soil quality. The greater IPI indicates the more severe integrated pollution in this area. The integrated pollution degree of the soil by the heavy metals could be concluded by the following Table 3 . 
Results and Discussion
Physico-chemical properties of the Meadow Black Soil
The effects of long-term fertilization on some basic soil physic-chemical properties were listed in Table 4 . Apparently, pH decreased to different degrees from initial values, where pH was reduced by 0.87 after N treatment without corn straw addition. Organic carbon contents after treatments ranked in the order of S 0.5 > S 0.25 >CK, which suggested that straw rotation could increased the organic matters in the MBS. Total N, P and K were all increased by adding N fertilizer, P fertilizer and K fertilizer, respectively. Available N, P and K contents changed in the same way as total N, P and K. 
Effect of long-term fertilization on heavy metal accumulation in the MBS
Total contents of Pb, Cd, Cu, Zn, Ni and Cr in the MBS after different fertilizations were showed from Fig.1 to Fig.6 . Considering the convenient comparison, soil quality second grade standard guidelines (Table 5) for the heavy metals were also shown in the figures.
The Pb and Cd contents for most of treatments were greater than the second grade of China soil standards (GB 15618-1995) . In 1989, the contents of Pb and Cd in the MBS were about twice of the soil background level in Jilin Province. After 23 years long-term continuous fertilizations, the total Pb and Cd contents for each treatment were significantly different, which were increased from 37% to 205%, 9%-146%, respectively. And this increase followed the order as P > K > N > CK. The raw material for phosphate fertilizers was phosphate rock, which contained a certain amount of Pb and Cd [24] . Concentrations of heavy metals including Pb and Cd in potassium and nitrogen fertilizers were rather low [25] and were not regarded as significant contributors to their accumulation in cropland soils. In China, phosphate rocks contained 0.7-4.0 mg/kg Cd on average, of which 70-80% will finally be transmitted to phosphate fertilizers After application of phosphate fertilizers, total Cd and available Cd in soil would be increased [26] . The environmental capacity of Cd was very low compared with Pb, Cu and Zn. So, a slight increase of total Cd in soil would improve the total Cd content in crops and thus potentially harm human health. Therefore, attention should be given to the potential pollution caused by Cd containing fertilizers. [27, 28] . From Fig.1 , it can be found that corn straw mineralization after decomposing was beneficial to the Pb accumulation. After several decades' rotation to the soil, Pb at the μg/g level in straw also could increase its contents in soil [29] . So, with the amount of straw application increased, Pb contents in the MBS increased slightly. The content of Pb and Cd in CK treatment (kg/m 2 corn doses) was greater in 2012 than that of 1989, which indicated that environmental factors had contributed to Pb and Cd accumulation. Heavy metals in the agriculture soil are derived from different anthropogenic sources, such as automobile exhaust emission, chemical fertilizer pollution, and atmospheric deposition. Coal power plants and motor vehicle exhaust fumes were the main emission sources [30] . The extensive use of coal as a source of energy and motor vehicle fuel containing Pb in Changchun City of Jilin Province were widespread, from which Pb and Cd could reach soil through the deposition of dust particles, resulting in greatly enhanced levels.
Cu and Zn are the trace elements needed by plants for maintenance of normal living activities, and are the components of catalysts of various enzymes. Cu and Zn are widely involved in various living activities, but Cu and Zn over a certain level will cause negative effects on plants, such as disorders of metabolic processes, blocking of growth and development, and even death. As can be seen from Fig. 3 , the initial Cu content in MBS was similar, for each treatment within 20-26 mg/kg. The content of Cu reached to 21-29 mg/kg after the 23 years fertilizations, which increased by 1.15-18.46 %. Corn straw rotation had a few effect on the Cu accumulation in the MBS. The Cu contents were equal to or even lower than the natural background value (35mg/kg), which showed that the existing fertilizer methods would not cause the Cu accumulation in the MBS. Figure 4 showed that the differences of Zn contents for CK treatments were not significant in the last 23 years period with different corn straw doses, which indicated no positive effects of these treatments on Zn accumulation. For all the treatments, Zn contents in the MBS had not exceeded the background value of soil environment. For the treatments with N and K application, a decreasing effect (9.25%-11.13%, 1.73%-11.87%) on Zn accumulation was observed. The Zn contents after P fertilizer application remained constant, only the Zn content was decreased by 8.2% without corn straw addition. Zinc was the necessary trace element for corn growth and corn was considered susceptible to Zn deficiency [31] . Large amounts of Zn had been removed from the soil through plant harvesting. Although there was more zinc in P fertilizer than that of N and K fertilizers, zinc would format phosphate precipitation and was not available to corn [32] .
The natural background values of Ni and Cr from the soil environment quality standard were 40 mg/kg and 90 mg/kg, respectively. The chemical fertilization and straw rotation in the MBS improved the Ni and Cr contents by 30.52%-33.39 %, and 4.88%-40.08 %, respectively. These cumulative effects were slow, so the content of Ni and Cr were not beyond the natural background value of soil after 23 years continuous fertilization. 
Fig.6 Effects of different fertilizer treatments on Cr concentration of MBS
To assess the effects of long-term fertilization on soil environmental quality The PIs, calculated according to the BC of heavy metals, varied greatly across the different heavy metals (Table 6 ). Zn and Cr exhibited lower values, ranging from 0.83 to 1.00 and from 0.83 to 1.03, respectively. For Zn and Cr, the mean PIs were 0.92, 0.95 and all of the samples had low or mid-level PIs, indicating that the concentration of Zn and Cr in the long-term fertilization application soil samples were comparable with the BC of the MBS of Jilin Province. The mean PIs for Cu and Ni were 1.11 and 1.12, respectively and slightly more than 1. But the PIs for most of samples were close to or slightly greater than 1 with the max value 1.32 and 1.17, min value 0.95 and 1.07, respectively. The PI value of Cd ranged from 1.31 to 3.66 were classified as being moderately or heavily contaminated. Pb also exhibited higher PI values, ranging from 0.71 to 5.33 moderately or heavily contaminated.
The IPIs of all the treatments varied from 1.50 to 4.34 with an average of 2.47. There was no IPI less than 1, suggesting no clean soil in the location experimental base after long-term fertilization. The IPIs of CK, N, N+S 0.25 and S 0.5 treatments were between 1 and 2. The IPIs of P, K, S 0.25 , K + S 0.25 and N+S 0.5 treatments were between 2 and 3. The IPIs of P+S 0.25 , P+S 0.5 and K+S 0.5 treatments were greater than 3, indicating the presence of heavily heavy metal pollution. Thus the soil quality of long-term location fertilizer application has clearly been impacted, particularly P fertilizer application. The correlations between heavy metals can represent the pollution or source similarity of heavy metals [33, 34] . The correlations between the six kinds of heavy metals of the soils in 2012 were analyzed and the result indicated that the relative coefficients (n=12, p < 0.05) for Pb and Cd, Cu and Ni, Cu and Cr, Ni and Cr were 0.855, 0.710, 0.616 and 0.722, respectively, suggesting that these heavy metals might originate from a common source, such as agricultural activities. Pb and Ni, Cu and Zn had the negative correlations with the relative coefficients -0.632 and -0.569, suggesting that they had a different source. There were no correlations among the other elements. This result showed that the source of Pb and Cd in the Meadow Black Soil was consistent. Considering the heavy metal content analysis above, the contents of Pb and Cd increased dramatically after long-term fertilization, which indicated that fertilizer application was the dominant source of Pb and Cd. It could be concluded from the correlation analysis that the pollution or source of Cu, Ni and Cr was similar. But the long-term fertilizer application has a little bit effect on the content increase of Cu, Ni and Cr. Because the contents of Cu, Zn, Ni and Cr were close to the background value, the source for these heavy metals was likely the parent soil materials.
Conclusions
This investigation revealed that long-term fertilization improved the total contents of heavy metals in the Meadow Black Soil from long-term location experimental case in Jilin Province. After fertilization, the contents of Pb and Cd had an obvious increase. For the other four heavy metals, the mean concentrations of Cu, Zn, Ni and Cr exceeded their corresponding background values, but did not result in a significant increase. Significant correlations were observed between Pb and Cd, Cu and Ni, Cu and Cr, Ni and Cr, suggesting that they might originate from a common source. However, Pb and Ni, Cu and Zn showed negative correlations, suggesting a different source. Based on the SinglePollution Index and Integrated-Pollution Index, all treatments of the MBS had low or slight PIs of Cu, Zn, Ni, Cr. However, Pb and Cd exhibited high PI values, and the soils were classified as being moderately or heavily contaminated with Pb and Cd. Although practically uncontaminated by Cu, Zn, Ni and Cr, a potential danger might emerge in the future depending on the agricultural activities in this region. Therefore, the soil quality in most of the long-term location base has deteriorated, further highlighting the importance of conducting more studies related to the application of mineral fertilizers for accumulation of heavy metals. These findings indicate that more attention should be paid to reducing the accumulation of heavy metals in soils by more rational use of fertilizers for long-term continuous crop production.
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